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Purpose: The study aimed to provide new evidence of health disparities in cardiovas-
cular disease (CVD) and diabetes mellitus (DM), and to examine their associations with
lifestyle-related risk factors across the U.S. multi-racial and ethnic groups.
Methods:The analysis included a randomized population sample of 68,321 subjects aged
≥18 years old who participated in the U.S. 2012 and 2013 National Health Interview Surveys.
Hypertension, coronary heart disease (CHD), stroke, and DM were classified according to
participants’ self-report of physician diagnosis. Assessments of risk factors were measured
using standard survey instruments. Associations of risk factors with hypertension, CHD,
stroke, and DM were analyzed using univariable and multivariable analysis methods.
Results: Non-Hispanic (NH)-Blacks had significantly higher odds of hypertension, while
Hispanics had significantly lower odds of hypertension, and NH-Asians and Hispanics
had significantly lower odds of stroke than NH-Whites (p< 0.001). All minority groups,
NH-Blacks, NH-Asians, and Hispanics had significantly higher odds of DM, but they had
significantly lower odds of CHD than NH-Whites (p<0.001). Increased body weight, cig-
arette smoking, and physical inactivity were significantly associated with increased odds
of hypertension, CHD, stroke, and DM (p<0.001). However, the strengths of associations
between lifestyle-related factors and the study outcomes were different across racial and
ethnic groups. NH-Asians with BMI ≥30 kg/m2 had the highest odds ratios (OR, 95% CI)
for hypertension (5.37, 4.01–7.18), CHD (2.93, 1.90–4.52), and stroke (2.23, 1.08–4.61), and
had the second highest odd ratios for DM (3.78, 2.68–5.35) than NH-Whites, NH-Blacks,
and Hispanics.
Conclusion: CVD and DM disproportionately affect the U.S. multi-racial and ethnic popula-
tion. Although lifestyle-related risk factors are significantly associated with increased odds
of CVD and DM, the magnitudes of these associations are different by race and ethnicity.
Keywords: cardiovascular disease, risk factors, multi-race and ethnicity, USA
INTRODUCTION
Although since 1950, the incidence, prevalence, and mortality from
cardiovascular diseases (CVD) have declined, coronary heart dis-
ease (CHD) and stroke (the two major forms of CVD) remain the
leading causes of deaths in the United States of America (U.S.) (1–
3). In 2010, 379,559 Americans died of CHD; it alone caused about
one of every six deaths in the U.S. Approximately, every 1 min and
23 s, an American will die of CHD. Stroke caused about 1 of every
19 deaths. On average, every 40 s, someone in the U.S. has a stroke,
and someone dies of one approximately every 4 min (1). In the
U.S. more than 33%, or more than 100 million persons, identified
themselves as belonging to a racial or ethnic minority population.
Furthermore, it is well-known that CVD disproportionately affect
the U.S. minority populations. However, limited studies address
and provide updated evidence of the burden of CVD and its asso-
ciation with preventable risk factors across sub-groups of minority
populations. In the present study, we aimed to examine the bur-
den and health disparity of CVD and diabetes mellitus (DM), and
their associations with lifestyle-related factors across multi-racial
and ethnic groups in the U.S. We hypothesized that there were
significant differences in the prevalence of CVD and DM and in
the magnitude of the associations between CVD, DM, and risk
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factors across racial and ethnic groups. In the study, we used data
from the most recent studies of the 2012 and 2013 National Health
Interview surveys (NHIS). Findings from the study may provide
significant evidence to health policy makers and moving forward
prevention strategy and practice toward a significant reduction of
cardiovascular disparity in the nation.
MATERIALS AND METHODS
Participants aged 18 years and older in the 2012 and 2013, NHIS
were included in the study. The NHIS, a cross-sectional study,
is an annual in-person interview-administered survey of health
status and behaviors among the U.S. non-institutionalized popu-
lation. One adult per household was chosen randomly to partic-
ipate (4). We combined recently released 2012 and 2013 NHIS
data in order to ensure the study sample size and statistical
power were big enough when testing differences in cardiovascu-
lar health by racial/ethnic groups, Non-Hispanic (NH) Whites,
NH-Blacks, NH-Asians, Hispanics, as well as subgroups of NH-
Asians (i.e., Chinese, Indian, and Filipino groups). We examine
the subgroups of NH-Asians because they are one of the fastest-
growing racial/ethnic groups in the U.S. (5). Of 69,082 total
participants aged 18 and older, we excluded 761 with missing val-
ues on race/ethnicity, yielding a final analytic sample of 68,321
adults. Data used in the study were de-identified and publicly avail-
able from the National Center for Health Statistics. Therefore, no
specific institutional review board’s approval was needed (4).
This study focused on four major CVD related chronic condi-
tions: hypertension, CHD, stroke, and DM. These conditions were
defined on the basis of participants’ self-reports of diagnoses made
by a doctor or health professional. Covariates included age, gen-
der, education attainments (<high-school graduate, high-school
graduate, and ≥college), body mass index [BMI, calculated by
weight (kg)/height (m2)], cigarette smoking (never smoked, for-
merly smoked, or currently smoke), alcohol consumption (non-
drinker: <12 drinks in entire life, former drinker: no drinks in
previous year, and current drinker), and physical activity. BMI
was classified into four groups on the basis of the World Health
Organization (WHO) definition (underweight: <18.5, normal
weight: 18.5–24.9, overweight: 25–29.9, and obesity: ≥30 kg/m2).
Physical activity status was grouped on the basis of current guide-
lines (active: ≥150 min per week of moderate-intensity equiva-
lent leisure-time aerobic activity; insufficiently active: 10–149 min
per week of moderate-intensity equivalent leisure-time aerobic
activity) (6–8).
STATISTICAL ANALYSIS
A serial analysis was conducted to test the study hypotheses. The
first group analysis included the basic characteristics description of
the study participants by race/ethnicity, and tested difference using
Chi-square tests. The second group analysis involved examination
of associations of education, BMI, smoking, alcohol consumption,
and physical activity status with prevalence of HBP, CHD, stroke,
and DM by racial/ethnic groups. Further, the third group analy-
sis looked at the racial/ethnic differences of the odds ratios (i.e.,
relative risks) for hypertension, CHD, stroke, and DM, using NH-
White as the comparison group. Moreover, in the analysis, four
multivariate logistic models were performed. Model 1 adjusted
for age and sex. Model 2 adjusted for age, sex, and education.
Model 3 adjusted for the covariates used in Model 2 plus three
behavioral factors (smoking, alcohol consumption, and physical
activity). Model 4 adjusted for the covariates used in Model 3 plus
obesity. Similar to this analysis, we examined odds of hypertension,
CHD, stroke, and DM across sub-groups of NH-Asians (Ameri-
can Chinese, Indians, and Filipinos) as compared to NH-Whites.
Finally, we repeated the analysis by examining odds of hyperten-
sion, CHD, stroke, and DM across NH-Asian groups (Chinese,
Indians, Filipinos, and other Asian groups including Japanese,
Korean, and Vietnamese, with Chinese as the comparison).
All data analyses were performed using SAS version 9.3, with
complex sample modules that take the sample design of NHIS,
including stratification, clustering, and weight into considera-
tion (SAS Institute, Cary, NC, USA). Statistical significance was
determined for a two-sided test at a p-value <0.05.
RESULTS
CHARACTERISTICS OF PARTICIPANTS ACROSS RACIAL/ETHNIC
GROUPS
Table 1 shows that of 68,321 participants in 2012 and 2013 NHIS,
NH-Whites had a significantly higher mean age (50.74 years), fol-
lowed by NH-Blacks (45.99 years), NH-Asians (43.74 years), and
Hispanics (42.39 years). NH-Asians had the lowest proportion
of those who received less than high-school education (6.82%),
followed by NH-Whites (7.42%), NH-Blacks (13.91%), and His-
panics (30.56%) (p< 0.001). Similarly, lifestyle-related risk factors
for CVD were significantly different across racial/ethnical groups.
Overall, NH-Blacks had the worst CVD risk factor profiles (the
highest obesity rate, higher current smoking rate, and the low-
est physical activity rate) than the other racial/ethnic groups.
Similar to this, NH-Blacks had the highest prevalence of hyperten-
sion (40.1%), stroke (3.9%), and DM (13.8%) than NH-Whites,
NH-Asians, and Hispanics. However, NH-Whites had the highest
prevalence of CHD (8.2%) among the four racial/ethnic groups.
ODDS OF CHRONIC CONDITIONS AND ASSOCIATED RISK FACTORS BY
RACIAL/ETHNIC GROUPS
Table 2 shows that after adjustment for age and sex, subjects with
lower education levels were significantly associated with elevated
odds ratios for hypertension, CHD (Table 2A), stroke, and DM
(Table 2B) in all racial/ethnic groups (p< 0.01). However, the
strengths of these associations were much stronger in NH-Whites
than the other race/ethnic groups (assessed by the values of odds
ratios). NH-Asians with BMI ≥30 kg/m2 had the highest odds
ratios for hypertension, CHD, and stroke, and had the second
highest odd ratios for DM than the other racial/ethnic groups.
Subjects who were former smokers had significantly higher
odds ratios for hypertension, CHD, stroke, and DM in NH-Whites,
NH-Blacks, and Hispanics, and for hypertension and CHD in NH-
Asians. Current smokers had significantly higher odds ratios for
hypertension, CHD, and stroke in NH-Whites and NH-Blacks,
and for hypertension in Hispanics, and borderline significance for
CHD (p= 0.06) and stroke (p= 0.084) in Hispanics.
Former drinkers had higher odds ratios for hypertension,
CHD, stroke, and DM across all racial/ethnic groups. However,
current drinkers appeared to have an inverse association with
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Table 1 | Characteristics of participants by race/ethnicity.
NH-Whites (n=41641) NH-Blacks (n=10600) NH-Asians (n=4278) Hispanics (n=11802) p*
% (SEP) % (SEP) % (SEP) % (SEP)
Age, years, mean (SEM) 50.74 (0.20) 45.99 (0.33) 43.74 (0.41) 42.39 (0.24) 0.0001
Male 46.08 (0.28) 40.92 (0.56) 46.55 (0.92) 46.83 (0.58) <0.0001
Education <0.0001
<High school 7.42 (0.19) 13.91 (0.48) 6.82 (0.46) 30.56 (0.65)
High school 59.85 (0.38) 66.02 (0.58) 39.60 (1.10) 55.54 (0.62)
≥College 32.73 (0.41) 20.06 (0.53) 53.58 (1.22) 13.91 (0.42)
BMI, kg/m2 <0.0001
Under weight 1.89 (0.08) 1.27 (0.13) 4.23 (0.33) 1.16 (0.10)
Normal weight 36.58 (0.32) 27.44 (0.56) 58.50 (0.93) 30.11 (0.50)
Over weight 34.33 (0.30) 33.87 (0.49) 27.70 (0.82) 37.56 (0.52)
Obesity 27.20 (0.29) 37.42 (0.58) 9.57 (0.56) 31.17 (0.53)
Smoking <0.0001
Never 53.40 (0.35) 65.62 (0.63) 77.09 (0.79) 71.44 (0.51)
Former smoker 26.86 (0.30) 14.94 (0.44) 12.78 (0.60) 15.36 (0.38)
Current smoker 19.74 (0.26) 19.44 (0.48) 10.13 (0.54) 13.20 (0.36)
Alcohol consumption <0.0001
Never 15.35 (0.28) 28.42 (0.57) 38.79 (0.96) 29.81 (0.56)
Former drinking 15.66 (0.25) 16.67 (0.44) 9.18 (0.51) 13.26 (0.39)
Current drinking 68.99 (0.36) 54.91 (0.66) 52.03 (0.90) 56.94 (0.61)
Physical activity <0.0001
Inactive 29.46 (0.45) 39.50 (0.64) 27.98 (1.07) 39.82 (0.68)
Insufficiently active 30.36 (0.32) 28.31 (0.58) 32.97 (0.97) 25.10 (0.48)
Active 40.18 (0.37) 32.19 (0.59) 39.06 (0.95) 35.08 (0.59)
Chronic conditions <0.0001
Hypertension 33.24 (0.32) 40.05 (0.73) 22.57 (0.81) 23.13 (0.47)
CHD 8.20 (0.16) 6.76 (0.29) 3.78 (0.36) 4.65 (0.23) <0.0001
Stroke 3.28 (0.10) 3.87 (0.20) 1.59 (0.23) 2.17 (0.16) <0.0001
DM 9.86 (0.18) 13.79 (0.41) 8.48 (0.49) 10.99 (0.36) <0.0001
NH, non-Hispanic; SEM, standard error of mean; SEP, standard error of proportion; CHD, coronary heart disease; DM, diabetes mellitus.
*p-Values for age-sex-adjusted differences across four race/ethnicity groups, except for tests of differences in age and sex among racial/ethnic groups.
hypertension, CHD, stroke, and DM in NH-Whites, NH-Asians,
and Hispanics, but this inverse association was less consistent in
NH-Blacks.
Physical inactivity was positively and significantly associated
with odds of hypertension, CHD, stroke, and DM in NH-
Whites, NH-Blacks, and Hispanics. This positive and significant
association was observed only for CHD and DM in NH-Asians.
MULTIVARIATE ADJUSTED ODDS OF CARDIOVASCULAR CONDITIONS
BY RACIAL/ETHNIC GROUPS
NH-BLACKS, NH-ASIANS, AND HISPANICS VS. NH-WHITES
Table 3 and Figure 1A show that after adjustment for age, sex, edu-
cation, smoking, alcohol consumption, physical activity status, and
obesity (Model 4 in Table 3), NH-Blacks had significantly higher
odds of hypertension (OR= 1.48, 95% CI: 1.37–1.61, p< 0.001)
as compared to NH-Whites. However, Hispanics had significantly
lower odds of hypertension than NH-Whites (OR= 0.74, 95%
CI: 0.68–0.80, p< 0.001). NH-Blacks, NH-Asians, and Hispanics
had significantly lower odds of CHD than NH-Whites. NH-Asians
and Hispanics, except NH-Blacks had significantly lower odds of
stroke than NH-Whites. It is of importance that all racial/ethnic
minority groups (NH-Blacks, NH-Asians, and Hispanics) had sig-
nificantly higher odds ratios for DM than NH-Whites (Figure 1A
and Table 3).
SUB-GROUPS OF NH-ASIANS COMPARED TO NH-WHITES
Figure 1B and Table 4 show that among sub-groups of
NH-Asians, Filipino Americans had higher odds of hyperten-
sion (OR= 1.25, 95% CI: 1.01–1.55, p= 0.044, Model 4) than
NH-Whites. Indian Americans had significantly higher odds
ratios for DM (OR= 2.13, 95% CI: 1.51–3.01, p< 0.001), fol-
lowed by Filipino Americans (OR= 1.87, 95% CI; 1.41–2.48) as
compared to NH-Whites. Chinese Americans had significantly
lower odds of hypertension, CHD, and stroke as compared to
NH-Whites.
Figure 1C and Table 5 show that as compared to Chinese Amer-
icans, Filipino Americans had significantly higher odds ratios for
hypertension (OR= 1.76, 95% CI: 1.32–2.34, Model 4). Filipinos,
Indians, and other Asian groups (Japanese, Koreans, and all oth-
ers) had significantly higher odds ratios for DM in the U.S., the
corresponding odds ratios (95% CI) were 2.86 (1.71-4.80), 2.56
(1.57–4.17), and 2.09 (1.27–3.42), respectively.
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Table 2 | (A) Age-sex-adjusted odds ratios (95% CI) of education and other risk factors for hypertension and coronary heart disease by
race/ethnicity and (B) Age-sex-adjusted odds ratios (95% CI) of education and other risk factors for stroke and diabetes by race/ethnicity.
NH-Whites NH-Blacks NH-Asians Hispanics
OR (95% CI) p OR (95% CI) p OR (95% CI) p OR (95% CI) p
(A)
Associated with odds of HBP
Education
HS vs. ≥college 1.56 (1.47–1.65) <0.0001 1.41 (1.22–1.61) <0.0001 1.14 (0.95–1.37) 0.151 1.44 (1.22–1.70) <0.0001
<HS vs. ≥college 2.49 (2.26–2.74) <0.0001 1.92 (1.61–2.29) <0.0001 1.90 (1.46–2.48) <0.0001 1.75 (1.49–2.07) <0.0001
BMI Groups
Over weight vs. normal 1.75 (1.64–1.87) <0.0001 1.64 (1.45–1.86) <0.0001 1.99 (1.65–2.41) <0.0001 1.53 (1.34–1.74) <0.0001
Obesity vs. normal 3.43 (3.20–3.66) <0.0001 3.41 (2.98–3.91) <0.0001 5.37 (4.01–7.18) <0.0001 2.98 (2.58–3.44) <0.0001
Smoking status
Former vs. never 1.44 (1.36–1.53) <0.0001 1.88 (1.64–2.16) <0.0001 1.36 (1.07–1.73) 0.011 1.47 (1.29–1.68) <0.0001
Current vs. never 1.10 (1.02–1.18) 0.010 1.21 (1.08–1.37) 0.002 0.90 (0.65–1.26) 0.548 1.23 (1.03–1.46) 0.019
Alcohol consumption
Former vs. never 1.13 (1.04–1.22) 0.003 1.69 (1.48–1.93) <0.0001 1.31 (0.97–1.77) 0.083 1.30 (1.12–1.51) 0.001
Current vs. never 0.72 (0.67–0.77) <0.0001 1.08 (0.97–1.20) 0.180 0.72 (0.59–0.88) 0.002 0.80 (0.71–0.91) 0.001
Physical activity
Insufficiently vs. active 1.24 (1.16–1.32) <0.0001 1.20 (1.03–1.40) 0.019 1.05 (0.85–1.28) 0.668 1.15 (1.00–1.32) 0.047
Inactive vs. active 1.64 (1.54–1.76) <0.0001 1.37 (1.23–1.54) <0.0001 1.08 (0.88–1.33) 0.458 1.24 (1.09–1.42) 0.001
Associated with odds of CHD
Education
HS vs. ≥college 1.72 (1.54–1.93) <0.0001 1.61 (1.20–2.15) 0.001 1.24 (0.86–1.79) 0.258 1.29 (0.90–1.83) 0.162
<HS vs. ≥college 3.61 (3.11–4.19) <0.0001 2.80 (2.07–3.78) <0.0001 3.46 (2.29–5.22) <0.0001 2.14 (1.49–3.10) <0.0001
BMI Groups
Over weight vs. normal 1.23 (1.11–1.36) <0.0001 0.99 (0.76–1.28) 0.921 1.46 (0.99–2.17) 0.057 1.01 (0.79–1.28) 0.964
Obesity vs. normal 1.44 (1.29–1.61) <0.0001 1.58 (1.27–1.96) <0.0001 2.93 (1.90–4.52) <0.0001 1.37 (1.07–1.74) 0.012
Smoking status
Former vs. never 1.84 (1.68–2.02) <0.0001 1.91 (1.59–2.29) <0.0001 1.90 (1.33–2.73) 0.001 1.72 (1.39–2.13) <0.0001
Current vs. never 1.54 (1.38–1.73) <0.0001 1.33 (1.06–1.66) 0.013 1.00 (0.56–1.77) 0.994 1.27 (0.99–1.63) 0.060
Alcohol consumption
Former vs. never 1.18 (1.04–1.35) 0.010 1.69 (1.31–2.16) <0.0001 1.77 (1.15–2.74) 0.010 1.44 (1.11–1.86) 0.007
Current vs. never 0.56 (0.50–0.63) <0.0001 0.93 (0.74–1.16) 0.494 0.47 (0.32–0.69) <0.001 0.65 (0.52–0.81) <0.001
Physical activity
Insufficiently vs. active 1.18 (1.06–1.32) 0.003 1.79 (1.34–2.39) <0.0001 1.11 (0.76–1.61) 0.586 0.97 (0.73–1.29) 0.844
Inactive vs. active 2.02 (1.81–2.25) <0.0001 2.40 (1.89–3.05) <0.0001 1.57 (1.05–2.35) 0.029 1.66 (1.32–2.10) <0.0001
(B)
Associated with odds of stroke
Education
HS vs. ≥college 1.84 (1.56–2.17) <0.0001 2.00 (1.34–2.99) 0.001 1.64 (0.94–2.86) 0.083 1.46 (0.84–2.53) 0.183
<HS vs. ≥college 3.98 (3.26–4.86) <0.0001 2.77 (1.77–4.33) <0.0001 2.63 (1.15–5.98) 0.022 2.67 (1.48–4.81) 0.001
BMI Groups
Over weight vs. normal 1.16 (0.99–1.37) 0.068 0.97 (0.73–1.28) 0.819 1.44 (0.77–2.70) 0.260 0.74 (0.52–1.05) 0.090
Obesity vs. normal 1.23 (1.04–1.45) 0.013 0.91 (0.70–1.19) 0.494 2.23 (1.08–4.61) 0.031 1.08 (0.74–1.58) 0.696
Smoking status
Former vs. never 1.55 (1.36–1.77) <0.0001 1.89 (1.49–2.39) <0.0001 1.53 (0.86–2.73) 0.149 1.60 (1.12–2.29) 0.011
Current vs. never 1.71 (1.45–2.01) <0.0001 2.00 (1.56–2.55) <0.0001 0.53 (0.23–1.25) 0.147 1.51 (0.95–2.39) 0.084
Alcohol consumption
Former vs. never 1.10 (0.92–1.31) 0.298 1.54 (1.19–1.98) 0.001 1.32 (0.72–2.41) 0.368 1.76 (1.17–2.66) 0.007
Current vs. never 0.43 (0.36–0.51) <0.0001 0.77 (0.59–0.99) 0.045 0.23 (0.11–0.48) <0.0001 0.66 (0.46–0.94) 0.021
Physical activity
Insufficiently vs. active 1.39 (1.15–1.67) 0.001 1.18 (0.81–1.72) 0.385 1.27 (0.57–2.84) 0.562 1.35 (0.90–2.02) 0.145
Inactive vs. active 2.91 (2.45–3.45) <0.0001 1.81 (1.29–2.52) 0.001 1.59 (0.76–3.32) 0.215 1.67 (1.18–2.38) 0.004
(Continued)
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Table 2 | Continued
NH-Whites NH-Blacks NH-Asians Hispanics
OR (95% CI) p OR (95% CI) p OR (95% CI) p OR (95% CI) p
Associated with odds of DM
Education
HS vs. ≥college 1.75 (1.59–1.92) <0.0001 1.47 (1.22–1.77) <0.0001 1.22 (0.96–1.55) 0.101 1.76 (1.40–2.22) <0.0001
<HS vs. ≥college 2.50 (2.17–2.87) <0.0001 1.80 (1.43–2.27) 0.003 1.58 (1.13–2.22) 0.008 2.52 (2.02–3.15) <0.0001
BMI Groups
Over weight vs. normal 2.18 (1.95–2.43) <0.0001 1.81 (1.49–2.20) <0.0001 2.01 (1.53–2.65) <0.0001 1.73 (1.40–2.14) <0.0001
Obesity vs. normal 5.42 (4.86–6.04) <0.0001 3.22 (2.68–3.87) <0.0001 3.78 (2.68–5.35) <0.0001 3.34 (2.72–4.11) <0.0001
Smoking status
Former vs. never 1.26 (1.16–1.37) <0.0001 1.64 (1.39–1.93) <0.0001 1.20 (0.90–1.62) 0.217 1.66 (1.40–1.96) <0.0001
Current vs. never 0.99 (0.89–1.11) 0.844 0.95 (0.80–1.14) 0.610 0.87 (0.59–1.29) 0.501 1.09 (0.88–1.37) 0.433
Alcohol consumption
Former vs. never 1.09 (0.98–1.21) 0.121 1.42 (1.17–1.72) <0.001 1.20 (0.84–1.70) 0.316 1.35 (1.12–1.64) 0.002
Current vs. never 0.51 (0.47–0.56) <0.0001 0.71 (0.62–0.83) <0.0001 0.63 (0.48–0.84) 0.001 0.68 (0.58–0.81) <0.0001
Physical activity
Insufficiently vs. active 1.49 (1.35–1.63) <0.0001 1.23 (1.00–1.50) 0.047 1.52 (1.10–2.08) 0.010 1.12 (0.92–1.37) 0.260
Inactive vs. active 1.99 (1.81–2.19) <0.0001 1.45 (1.23–1.72) <0.0001 1.94 (1.42–2.65) <0.0001 1.38 (1.17–1.63) <0.001
NH, non-hispanic; HBP, hypertension; CHD, coronary heart disease; HS, high school; BMI, body mass index (kg/m2).
Table 3 | Odds ratios (95% CI) of race/ethnicity differences (reference to NH-White) for hypertension, CHD, stroke, and DM.
Covariates NH-Whites (n=41641) NH-Blacks (n=10600) NH-Asians (n=4278) Hispanics (n=11802)
Ref OR (95% CI) p OR (95% CI) p OR (95% CI) p
Hypertension
M1 age-sex-adjusted 1 1.77 (1.67–1.89) <0.0001 0.79 (0.72–0.86) <0.0001 0.87 (0.82–0.92) <0.0001
M2 M1+education 1 1.64 (1.55–1.74) <0.0001 0.83 (0.76–0.92) <0.001 0.73 (0.68–0.77) <0.0001
M3 M2+behavior factors 1 1.61 (1.51–1.71) <0.0001 0.80 (0.72–0.88) <0.0001 0.72 (0.68–0.77) <0.0001
M4 M3+Obesity 1 1.48 (1.37–1.61) <0.0001 0.90 (0.81–1.00) 0.056 0.74 (0.68–0.80) <0.0001
Coronary heart disease
M1 age-sex-adjusted 1 0.98 (0.89–1.08) 0.714 0.61 (0.50–0.73) <0.0001 0.81 (0.72–0.91) 0.000
M2 M1+education 1 0.86 (0.78–0.95) 0.003 0.65 (0.54–0.78) <0.0001 0.61 (0.54–0.69) <0.0001
M3 M2+behavior factors 1 0.80 (0.72–0.90) <0.0001 0.62 (0.51–0.75) <0.0001 0.62 (0.55–0.71) <0.0001
M4 M3+Obesity 1 0.66 (0.58–0.76) <0.0001 0.54 (0.44–0.68) <0.0001 0.59 (0.51–0.69) <0.0001
Stroke
M1 age-sex-adjusted 1 1.41 (1.25–1.58) <0.0001 0.65 (0.49–0.86) 0.003 0.95 (0.81–1.10) 0.478
M2 M1+education 1 1.21 (1.07–1.37) 0.002 0.70 (0.52–0.93) 0.013 0.70 (0.60–0.82) <0.0001
M3 M2+behavior factors 1 1.15 (1.01–1.32) 0.037 0.65 (0.48–0.89) 0.006 0.72 (0.61–0.85) <0.0001
M4 M3+Obesity 1 1.14 (0.95–1.36) 0.161 0.60 (0.43–0.84) 0.003 0.66 (0.53–0.83) <0.001
Diabetes mellitus
M1 age-sex-adjusted 1 1.78 (1.66–1.92) <0.0001 1.16 (1.02–1.32) 0.023 1.68 (1.54–1.83) <0.0001
M2 M1+education 1 1.63 (1.52–1.75) <0.0001 1.23 (1.08–1.40) 0.002 1.38 (1.26–1.51) <0.0001
M3 M2+behavior factors 1 1.53 (1.42–1.65) <0.0001 1.10 (0.96–1.26) 0.152 1.35 (1.22–1.48) <0.0001
M4 M3+Obesity 1 1.72 (1.55–1.91) <0.0001 1.54 (1.30–1.82) <0.0001 1.55 (1.35–1.78) <0.0001
NH, non-hispanic.
DISCUSSION
The present study, using data from nationally representative
samples of the U.S. NHIS provides new evidence of cardiovas-
cular epidemiology and heath disparity across the four largest
racial/ethnic populations in the U.S. The results confirm that
NH-Blacks had significantly higher odds of hypertension, and
NH-Blacks, NH-Asians, and Hispanics had significantly higher
odds of DM than NH-Whites. However, NH-Whites had sig-
nificantly higher odd of CHD than NH-Blacks, NH-Asians, and
Hispanics.
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FIGURE 1 | Adjusted odds ratios (95% CI) of hypertension, CHD, stroke
and DM for NH-Blacks, NH-Asians, and Hispanics vs. NH-Whites
[(A), Models 1 and 4 inTable 3], Sub-groups of NH-Asians vs. NH-Whites
[(B), Models 1 and 4 inTable 4], and Sub-groups of NH-Asians vs.
Chinese Americans [(C), Models 1 and 4 inTable 5] – U.S. 2012 and 2013
National Health Interview Surveys.
Table 4 | Odds ratios (95% CI) of NH-Asians sub-groups (reference to NH-Whites) for hypertension, CHD, stroke, and DM.
Adjusted covariates NH-Asians
NH-Whites (n=41641) Chinese (n=903) Indian (n=819) Filipino (n=931)
Ref OR (95% CI) p OR (95% CI) p OR (95% CI) p
Hypertension
M1 Age-sex-adjusted 1 0.62 (0.51–0.76) <0.0001 0.64 (0.51–0.79) <0.0001 1.18 (0.99–1.40) 0.060
M2 M1+education 1 0.69 (0.57–0.84) 0.000 0.73 (0.58–0.91) 0.006 1.22 (1.02–1.46) 0.028
M3 M2+behavior factors 1 0.64 (0.53–0.78) <0.0001 0.65 (0.51–0.83) 0.001 1.14 (0.94–1.39) 0.171
M4 M3+Obesity 1 0.77 (0.62–0.94) 0.013 0.78 (0.60–1.01) 0.063 1.25 (1.01–1.55) 0.044
Coronary heart disease
M1 Age-sex-adjusted 1 0.49 (0.30–0.79) 0.004 0.64 (0.40–1.02) 0.060 0.85 (0.61–1.18) 0.326
M2 M1+education 1 0.54 (0.33–0.87) 0.012 0.72 (0.45–1.15) 0.167 0.89 (0.64–1.24) 0.496
M3 M2+behavior factors 1 0.54 (0.34–0.85) 0.009 0.65 (0.40–1.04) 0.074 0.82 (0.58–1.16) 0.262
M4 M3+Obesity 1 0.46 (0.28–0.75) 0.002 0.65 (0.39–1.10) 0.108 0.73 (0.48–1.11) 0.140
Stroke
M1 Age-sex-adjusted 1 0.48 (0.24–0.98) 0.042 0.36 (0.13–1.02) 0.055 0.61 (0.34–1.09) 0.094
M2 M1+education 1 0.54 (0.26–1.10) 0.088 0.41 (0.14–1.17) 0.095 0.65 (0.36–1.16) 0.141
M3 M2+behavior factors 1 0.52 (0.26–1.05) 0.067 0.35 (0.13–1.00) 0.050 0.55 (0.28–1.05) 0.068
M4 M3+Obesity 1 0.37 (0.16–0.83) 0.017 0.40 (0.14–1.14) 0.086 0.63 (0.32–1.24) 0.179
Diabetes mellitus
M1 Age-sex-adjusted 1 0.52 (0.37–0.75) 0.000 1.38 (1.03–1.86) 0.032 1.58 (1.30–1.92) <0.0001
M2 M1+education 1 0.57 (0.38–0.84) 0.005 1.62 (1.20–2.19) 0.002 1.68 (1.37–2.05) <0.0001
M3 M2+behavior factors 1 0.49 (0.32–0.73) 0.001 1.32 (0.97–1.79) 0.078 1.50 (1.21–1.85) 0.000
M4 M3+Obesity 1 0.72 (0.46–1.15) 0.168 2.13 (1.51–3.01) <0.0001 1.87 (1.41–2.48) <0.0001
NH, non-hispanic.
Beyond traditional thoughts that Asians including Asian Amer-
icans had lower risk of CVD as compared to the West, the present
study is the first to examine and add new evidence to the body of
literature regarding CVD risk, that of sub-groups of NH-Asians,
Filipino Americans had significantly higher odds of hypertension
than NH-Whites. Filipino and Indian Americans had significantly
higher odds of DM than NH-Whites. These findings related to
South Asians are consistent with our recent studies using data
from the WHO coordinated World Health Surveys. A higher risk
and prevalence of obesity and insulin resistance in South Asians
might partially explain the racial and ethnic differences between
South Asians and Whites (9). As there was no previous report
that used a representative sample of Filipino Americans on the
comparison of the study of interest between NH-Whites, and no
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Table 5 | Odds ratios (95% CI) of NH-Asian sub-groups (reference to Chinese) for hypertension, CHD, stroke, and DM.
Adjusted covariates Chinese (n=907) Indian (n=819) Filipino (n=931) Other Asian group (n=1621)
Ref OR (95% CI) p OR (95% CI) p OR (95% CI) p
Hypertension
M1 Age-sex-adjusted 1 1.09 (0.81–1.45) 0.583 1.93 (1.48–2.52) <0.0001 1.20 (0.94–1.53) 0.152
M2 M1+education 1 1.08 (0.81–1.45) 0.609 1.87 (1.42–2.45) <0.0001 1.16 (0.91–1.48) 0.221
M3 M2+behavior factors 1 1.05 (0.78–1.41) 0.752 1.91 (1.46–2.50) <0.0001 1.18 (0.93–1.51) 0.174
M4 M3+obesity 1 1.03 (0.74–1.45) 0.856 1.76 (1.32–2.34) <0.001 1.14 (0.87–1.50) 0.329
Coronary heart disease
M1 age-sex-adjusted 1 1.32 (0.70–2.52) 0.392 1.72 (0.96–3.10) 0.069 1.06 (0.63–1.80) 0.827
M2 M1+education 1 1.33 (0.70–2.52) 0.393 1.69 (0.94–3.03) 0.081 1.01 (0.60–1.72) 0.957
M3 M2+behavior factors 1 1.20 (0.64–2.22) 0.573 1.60 (0.90–2.84) 0.108 0.93 (0.56–1.56) 0.796
M4 M3+obesity 1 1.39 (0.73–2.66) 0.318 1.69 (0.90–3.15) 0.102 0.95 (0.57–1.60) 0.850
Stroke
M1 age-sex-adjusted 1 0.80 (0.27–2.39) 0.695 1.24 (0.49–3.12) 0.648 1.85 (0.90–3.83) 0.096
M2 M1+education 1 0.81 (0.27–2.41) 0.705 1.19 (0.47–3.02) 0.707 1.76 (0.85–3.64) 0.128
M3 M2+behavior factors 1 0.72 (0.25–2.06) 0.541 1.18 (0.45–3.08) 0.731 1.66 (0.81–3.37) 0.165
M4 M3+obesity 1 1.24 (0.40–3.82) 0.713 1.79 (0.60–5.32) 0.295 1.86 (0.78–4.40) 0.161
Diabetes mellitus
M1 age-sex-adjusted 1 2.74 (1.78–4.21) <0.0001 3.04 (2.07–4.47) <0.0001 2.27 (1.54–3.37) <0.0001
M2 M1+education 1 2.84 (1.80–4.49) <0.0001 3.08 (2.04–4.64) <0.0001 2.28 (1.51–3.46) <0.001
M3 M2+behavior factors 1 2.74 (1.72–4.35) <0.0001 3.11 (1.99–4.86) <0.0001 2.32 (1.49–3.60) <0.001
M4 M3+Obesity 1 2.86 (1.71–4.80) <0.0001 2.56 (1.57–4.17) <0.001 2.09 (1.27–3.42) 0.004
data on serum and urine biomarker measures in the NHIS, we are
unable to explain the racial and ethnic difference using the present
data. Nevertheless, from prevention point of view, findings from
the present study have an immediate impact on creating appro-
priate prevention strategies of CVD and DM across NH-Asian
populations in the U.S.
In the study, we further observed that cigarette smoking
appeared to have a lower impact (assessed by age-sex-adjusted
odds ratios) on the risk of hypertension, CHD, stroke, and
DM, but obesity appeared to have a higher impact on hyper-
tension, CHD, and stroke in NH-Asians as compared to NH-
Whites, NH-Blacks, and Hispanics. Although it is beyond the
scope of further examination and discussion in the present study,
the findings may emphasize that there are potentially different
effects of different risk factors on the study outcomes by dif-
ferent race/ethnicity. It absolutely calls for further etiologic and
mechanism studies.
As compared to former smokers, current smokers appeared to
have lower odds of hypertension, CHD, stroke, and DM. It is likely
due to the study data from cross-sectional designs that may cause
“prevalence bias.” It may have occurred that patients with previous
smoking status quit smoking after they were diagnosed with a dis-
ease (10). On alcohol consumption, former drinkers had a higher
risk of hypertension, CHD, stroke, and DM. However, current
drinking showed a protective effect on the study outcomes across
all racial/ethnic groups. Although a possible “prevalence bias” may
exist in this association as well, several studies have suggested there
is a U-shaped association of alcohol consumption with CVD and
DM (10–13).
The present study has several strengths. First, the results, on the
basis of nationally representative datasets, provide new evidence
of cardiovascular health and disparity across multi-racial/ethnic
populations in the U.S. Although racial/ethnic disparities in CVD
and DM have been reported in a number of studies, data from sub-
groups of NH-Asian population is extremely limited. The current
study fills in this gap by using a large-scale dataset from the NHIS.
Finally, findings from the study not only add to new evidence
of multiple minority cardiovascular health status, but also fur-
ther address the importance of SES and lifestyle-related factors as
predictors of cardiovascular health.
Similar to any study, the present study has several limitations.
First, the findings are on the basis of data obtained from cross-
sectional surveys, therefore, any cause-effect association between
the predictors and outcomes cannot be interpreted (10). Second,
the study outcomes were self-reports of physician-diagnosis of dis-
eases (hypertension, CHD, stroke, and DM), information bias may
occur. It should be noted that self-reports of physician-diagnosis
of disease have been confirmed as a valid approach in popula-
tion health surveys (14, 15). Third, the present study may have
underestimated the prevalence of hypertension, CHD, stroke, and
DM because no physical examination and measures of biomark-
ers from the blood sample were conducted. Last, but not least, the
sample sizes of subgroups of NH-Asians are still small, as shown
by a wider OR 95% CI (Figure 1C), further studies are needed by
increasing the study sample sizes.
Despite these limitations, two clear and important conclusions
follow the present study. First, CVD and DM disproportion-
ately affect the U.S. multi-racial and ethnic population. Second,
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although lifestyle-related risk factors are significantly associated
with increased odds of CVD and DM, the magnitudes of these
factors on the study outcomes are different by racial and ethnic
groups.
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